The Arabian Gulf (also known as Persian Gulf) region is one of the most important oil producers to fuel the world and most of the population is located along the coasts. The present study aimed, for the first time, to carry out some preliminary assessment of the tsunami hazards in the Arabian Gulf region using numerical model. This study tsunamis generated by submarine earthquakes with the earthquake magnitude (M w ) of 8.3-9.0 along the Makran Subduction Zone (MSZ) and surface landslides with the volume of 0.5-1.0 km3 along Iranian coast inside the Arabian Gulf. TUNAMI model was applied in this study to predict the tsunami propagation. The model adopts the staggered leap-frog scheme to solve shallow water equations describing nonlinear long-wave theory. GEBCO 30 arc-second grid data was used as bathymetry and topography data for tsunami numerical simulation. This size of the computational grid was ascertained by many previous studies for its suitability in evaluating tsunami hazards in this region. For surface landslides, tsunami generation was simulated using a two-layer numerical model developed by solving nonlinear long-wave equations within two interfacing layers with appropriate kinematic and dynamic boundary conditions at seabed, interface, and water surface. In case of the earthquakes along MSZ, M w 8.3 has low impact to locations inside the Arabian Gulf. M w 8.6 has considerable impact mainly at the Gulf entrance meanwhile M w 9.0 has high impact at the Gulf entrance and negligible impact for the whole Gulf region. In case of the surface landslides inside the Arabian Gulf, the impact is rather local but major near the sources. Detailed estimation of landslide volume, tsunami simulation using very fine topography and bathymetry data and coupling tide and tsunami wave modeling will be considered for the future works.
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INTRODUCTION
In Arabian Gulf (AG), also known as Persian Gulf, region most of the population and many of the vital facilities are located along the coasts. Given the shallow nature of the AG, the level of tsunami threat is usually considered low in comparison to other areas on Indian Ocean basin's rim. Hence, only few studies have been carried out to evaluate tsunami hazard in this region. Nevertheless, even with low or unknown tsunami risks that impose potential hazards to coastal communities, such study is still important to sustain global economy and safety of life. The present study aimed, for the first time, at carrying out some preliminary assessments of the tsunami hazards in the AG region using numerical modeling technique. Sources of tsunami in this study are submarine earthquakes and surface landslides. The submarine earthquakes were identified to be possible at the Makran Subduction Zone (MSZ) (Fig.1 ) and the landslides were identified at some areas along Iranian coast inside the AG.
DATA AND METHOD (1) Earthquake induced tsunami
Although there are three faults identified in the AG region, i.e., the Makran Subduction Zone (MSZ) 1) , the Kazerun strike-slip and the Zagros mountain front 2) ( Fig.1 ), only the MSZ was considered to be able to be the source of the tsunami. The Zagros mountain front is a reverse fault and situated not in the sea. Therefore the earthquake from this fault is not probable to cause enough uplift or subsidence in the sea. The Kazerun strike-slip fault has maximum probable earthquake magnitude at around M w 7.2 which is not enough to generate tsunami from this type of fault. This type of fault requires extremely large earthquake to generate such small tsunami. Example of the small tsunami generated by this type of fault is at Sumatra in 2012 when the earthquake was at M w 8.6. The MSZ fault was considered to generate tsunami in four cases in this study. Case E1 replicates the tsunami generated from the biggest earthquake recorded in 1945 with M w 8.3 3) . Although there is no record of M w greater than 8.3 in this area, this study followed a previous study 1) that proposed tsunami sources from great earthquakes with M w up to 9.0 i.e., for the running Case E2, Case E3 and Case E4. Relationship between earthquake magnitude and fault geometry previously proposed 4) was applied as it gives smaller rupture area but higher slip and ensure the probable worst-case scenarios. Fault parameters are shown in Table 1 . (2) Landslide induced tsunami This study also simulated tsunami generated by surface landslides (seismically triggered by earthquakes). It is worth noting that this study for the first time investigate this phenomenon in this region. In fact, the biggest surface landslide in the world occurred inland in the region. The landslide is known as the Saidmareh landslide 5) that estimated volume of the landslide is approximately 20 km 3 . Five possible areas for surface landslides were identified at some the Iranian coasts where the land elevations are higher than 500 m and are close to the sea (Fig.2) . Preliminarily, this study applied the volume of landside to 0.5 to 1 km 3 based on previous studies other areas around the world. Surface landslide parameters used the five considered cases (e.g., Case L1, Case L2, Case L3, Case L4 and Case L5) in this study are shown in Table 2 . Future detailed investigation is needed to verify and revisit the volumes. Tsunami numerical simulation TUNAMI model 6) was applied in this study to predict the tsunami propagation. The model adopts the staggered leap-frog scheme to solve shallow water equations describing nonlinear long-wave theory 6) . Initial sea surface conditions were prepared using formulas that calculate seafloor and coastal deformation due to submarine faulting using earthquake fault parameters 7) . For surface landslides, tsunami generation was simulated using the two-layer numerical model that developed by solving nonlinear long-wave equations within two interfacing layers with appropriate kinematic and dynamic boundary conditions at seabed, interface, and water surface 8) . A bathymetry grid of 925 m x 925 m using the 30-arcsecond GEBCO-08 bathymetric data 9) was used. This grid size is appropriate since the tsunami wavelengths are estimated from the earthquake magnitude to be around 200-300 km. This size of the computational grid was widely used in previously studies 1), 3) as it is proved to be a stable model that can be used to evaluate tsunami hazards in this region. The simulations were performed for a total simulation time of 30 and 24 hours for earthquake and surface land slide cases, respectively. It should be noted that reflective boundary condition was imposed on the shoreline at the entire area to ignore the tsunami inundation along the coast. The tsunami inundation modeling is to be carried out with finer mesh in the future work. Initial seafloor deformations were calculated from ground deformation parameters (Table 1 ) and estimated equation 7) . The results suggested that the maximum uplift is about 3 m, 3 m, 5 m and 9 m for Case E1 to E4, respectively. Initial sea level conditions of the considered four earthquake induced tsunami scenarios are shown in Fig.3 .
Calculated sea surface deformation using the two-layer model of the landslide cases at 30 min elapse time from the start of the simulation for Case L1 to L5 are shown in Fig.4 . 
RESULTS AND DISCUSSIONS
Results suggested that there are insignificant impact of the tsunami in terms of tsunami wave height inside the AG from the Case E1 and the Case E2. The MSZ earthquake at magnitude M w 8.6 (Case E3) causes around 1 m tsunami wave along the coast of the United Arab Emirates (UAE) and the earthquake at M w 9.0 (Case E4) causes up to 2-3 m along the coast of UAE, 1 m along the coasts of Qatar (Doha) and Bahrain (Manama) and less than 0.5 m in Kuwait (Fig.5) . The tsunami heights are rapidly decrease inside the AG. This phenomena agrees well with what can be observed elsewhere, when the tsunami wave enters to the shallow regions. In the cases of the landslides induced tsunami, it was found that the impacts are localized. Results of the landslide induced tsunami are shown in terms of the maximum tsunami height (Fig.6) . The figures suggested that the maximum tsunami heights along the coasts are 1.35 m for UAE (Case E4), 2.17 m for Qatar (Case E2), 0.90 m for Bahrain (Case E2) and 0.24 m for Kuwait (Case E1). Power and desalination plants are essential of most important source of the electricity and freshwater supplies. This study provides an estimated maximum tsunami height induced by different scenarios considered in this study. Table 3 summarizes locations of important power plants 10) in countries surrounding the Arabian Gulf and the simulated maximum tsunami height from different simulation cases. This study also can conclude that the maximum tsunami heights predicted from different scenarios in this study at major power and desalination 
CONCLUSIONS
This study identify three major tectonic faults in the AG regions. It was found that only one fault, the Makran Subduction Zone (MSZ), situate outside the AG can potentially cause the submarine earthquake induced tsunami. The earthquake at MSZ were studied between the magnitudes of M w 8.3 to M w 9.0.
It was found that only the tsunami generated by M w 9.0 earthquake could yield significant impact to the whole AG region having maximum tsunami height of around 2-3 m at the mount of the AG and decrease to less than 1 m at the inner-most part of the AG. This study also investigate the landslide induced tsunami. Results suggested that the landslides and only cause some localized impact however can produce tsunami height as large as 3-4 m inside the AG. It is worth noting that this study preliminarily calculated landslide induced tsunami assuming some simple volume, e.g., landslide volume varies between 0.5-1.0 km 3 . When considering tsunami hazards at major power plants from both earthquake and landslide scenarios, the dominant tsunami height is varied by locations. The maximum tsunami heights at power plants that are located far from landslide sources are controlled by the M w 9.0 MSZ earthquake. Future works include detailed analysis on possible landslide volume and locations from detailed calculation which will take into account the geotechnical conditions e.g., land elevation, soil data. Furthermore, more accuracy of tsunami numerical simulation can be enhanced by applying finer grid and input bathymetry data at the AG, include the tsunami inundation, etc. Last but not least, the authors plan to incorporate effects of natural tide in the AG to the tsunami simulation considering the complex tidal characteristics of the AG and over 10 hour travel time of tsunami wave from the MSZ source to the inner-part of the AG.
